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/Following is the translation of %n,afticle by
I.T. Frolov in Yoprosy Filosofii (Problems of_
Philosophy). No.2. Moscow, 1961, pages 39—51&/¢__

o Modelling as a theoretical and experlmental research
tool has been known to biclogists for a long time, It
has only been recently, however, that this technique has
acquired such qualitatively new features .as would make it
‘an extremely effective and necessary means of scientific
analysis, Modelling affords an extremely vivid conception
of the methodological aspect of modern biological research -
trends., In any case, it is directly connected to some ‘of
the distinguishing charaeteristics of the latter, namely,.
the -trend toward increased integration of scientific dis-
ciplines, the introduetion into biology of methods employed:
in the allied sciences; and the enormously heightened rcle
" 0f the precise experiment in its:-relation to modern logical
and mathematical descriptive techniques and to the explanation
-of ‘bilological :facts. _Modelling is one of the more readily
apparent results and indications of the integrative process
‘now going on in the sciences., It is moreover, one of the -
prerequisites for further development in this direction in
its creation of reliable "channels of communication" among
the allied sciences which make possible the growth of mutual
1nfluence 1n the 1atter. ,

The Modelling Concegt: its Vgrieties and Functions, Model’
_ v and Theory

In its most general and widely-used sense, which w111
of course require further elaboration and concrete defini-
tion, modelling denotes the material or mental simulation of
-an actually existing (natural) through the special con-
struction of analogmes (models) which duplicate the
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orgahizational and functionsal principles of this systen.
There are two basic types of models--the material (concrete,
and in this sense physical) variety, and the ideal (logico~
mathematical, etec,) type.

- The above definition of the concept of modelling
appears to be perfectly clear at first glance, Furthermore,
the only possible sources of dissatisfaction seen. to be the
reasons for doubting the clarity .of the definition,  This,
however, is far frcm true., Our paramount concern here is
the concept of the model per se, or, more precisely, the
criteria to be applied in defining this concept. It is self-
evident that these criteria are far from ldentical to the
largely intuitively comprehensible basis for distinguishing
model varieties which assures a practically reliable means of
orientation to any researcher having sufficient experience in
the manipulation of modelling concepts,

Paradoxical as this may seem, the vagueness, in-
sufficient logical rigor, and finally, the simple -ambivalence
of the concept of a model turns out to arise from its original=~
ly supposed triviality. = We have in mind here the fact .that
at the beginning (and in many cases up to the present time),
that the generalized concept of the model had constantly in-
cluded merely one of the possible model varieties, namely the
physical model., ~The latter corresponds to the word '"model!
in its literal sense, that is, in its designation of the
model as an adequate and visually perceptible copy of a
natural system or an original. The differences of such a
model from the original are quite cbvious,. At any rate,
they (let us be more cautious) are obvious to a degree
sufficient to execlude the ambiguity of results in the pro-
cess of research practice utilizing such models, If, however,
we attempt to transfer mechanically that basis which is ,
implicitly contained in the concept of a physical model on to,
let us say, a logical model, then the latter will (without
additional explanation) be rendered impotent to play the role
of a model, in so far as in a definite sense it is inadequate -
to the obJject which it is supposed to simulate during the
research process., -

These considerations receive an extremely well-grounded:
treatment, comprising a portion of an article on modelling
problems by A.A, Zinov'yev and I.I. Revzin entitled "The
Logical Model as a Scientific Research Tool! (Yoprosy.
Filosofii, No 1, 1960). The article contains yet another
constantly reiterated thought which we feel deserves
attention at this point. What we have in mind is the
following, It is a known fact that the analogue is the _
basis of the structure of all model varieties. As is noted by
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A.A, Zinoviyev and I I‘ Revzin. the construction of analogues
is far from being identical to the devising of models.” The
authors write: "It is only in cases where on the- basis of

the establishment of analogies for various objects one of them
is subjected to investigation as an imitation of another, and

where the resultant knowledge obtained from one serves as a

necessary point of departure for conclusions as to the other,

~that we .are dealing with models" (page 83). . -

_ This limitation is of extreme significance. Taking it

into account, it is possible to render a concrete definition

. of .the concept of modelling which does not. represent it as the
- mere construction of isomorphic. substitutes for the orlglnal

- The mental or physical imitation of the latter will emerge in

the role of modelling only when it serves the aims of research.

" This means that any model must be of & heuristic character,

It follows from this, however, that the principle, fairly
commonly used by scientists, for subdividing models (accor=-
ding to function) into two classes--heuristic models, and
models for direct practical application (industrial automation
.devices for the artificial "replacement" of certain physical
functions of the organism; electronic computers performing
the work of the human brain, ete, )--is not logically Jjusti-
fiable from this point of view. Structures of the second
class mentioned above do not belong to the category of models
if their functions are opposed to functions of a heuristic
nature, It should of course be borne in mind that these
structures are frequently used with some success for research
purposes as well. But it is only in this case that they are
‘to be looked upon as models of obJects under investigation,

'; namely as physical models.

This questlon requires closer.scrutiny, and we shall

‘ - return to it in ‘the course of our discussion, ' At.this

poirt, however, we should like to direct our attention first

'; of all to 'the fundamental importance of the concept of models

- only as heuristic substitutes for the obaect under investi-
.gation. _
. When it is emphasized that this or that theoretical
'constructlon in science has but a heuristic character, the
~intent is usually one of distinguishing this construction
+ from all of the others not only as-to function, but alsoc accor-
ding to its. fundamental essence (conditlonalitys limited
adequacy, etc.). In the final analysis, it is a matter of
bringing to the fore that which distinguishes, let us say,
a logical model of a given biological phenomenon from its
theoretical reflection in the form of a biological law.
In taking as our criterion for distinguishing between
model and theory, the fact that the model is but a means
whereby the theory is formulated, we establish a definite
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functional characterization of models and modelling in
general.  This, however, is*asﬂyet}patently'inSﬁffiQient.
After all, models are not - the only. foundatién and means.
of constructing theories,-since, for example, other theories
can play this role as well. It is, furthermore, completely _
unnecessary to reduce this theary to the level of a model :
representdtion, The. latter procedure can only lead to an
unjustified complication of the investigative process and

the introduction of an entire series of auxilliary for-
malisms playing a strictly supplementary and secondary role.

- Any model constitutes a certain simplified represen-
tation of that c¢lass of phenomena which happens to be playing
the role of the investigative object. In the opinion of
4. Rosenblueth and ‘N, Wiener, this fact constitutes the dis-
tinguishing characteristic of the method of modelling (see
&. Rosenblueth and N, Wiener, "The Role of Models in Science,
in Philosophy of Science, Vol., 12, No 4, 1945, pages 317-320).
It is not only the model, however, but rather any scientific
law which within certain limits " simplifies the object of
knowledge... These limits change when, in the process of
scientific-inVestigation, there is a transition to an inter-
related system of laws or a theory covering the object
phenomena, Nevertheless, a certain degree of simplification
of the actual relationships does, of course, remain ewen in
this case, The question arises of whether one should then
look upon simplification as a peculiarity of the modelling
method. An affirmative answer to this question may be
given with one significant reservation, which will take us
back to what has already been said about models at the begin-

ning of this article. The idea in mind here is the fundamen- ' °

tal difference which exists between the character of
simplification admissable in the modelling process, and the
simplification which unavoidably arises in the course of the
theoretical research process in the manipulation of scien-
tific concepts and laws. This difference is manifested in
the levels of simplification. In particular,  for the case
of theory, this level is clearly determined by its adequacy
in representing the reflected object, As regards the model,
the adequacy criterion (in the usual sense) is not a man-
datory test of validity. The foregoing does not, of course,
imply that the simplification of the object under study re-
sulting from the application of.the modelling method has no
limits of its own and fully excludes the adequacy principle,
But the specific nature of modelling concepts consists . pre-
cisely in the peculiar status of the adequacy principle
within the given context, This peculiarity does not merely
reside in the fact that, for example, logical models exclude
such considerations as representational accuracy and clarity,
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but rather mainly in that for the case of modelling. the
matter is one of angiﬁignal adequacy whose presence is
"initially specifled" in the form of a loglcally founded
admission., . -
' Simplifications peculiar to the modelling method

are consequently obtained in the form of heuristically
useful analogues bearing a nearly ¢onditional correspondence
to the modelled object, This conditionality. depends both

‘on the character of the simplifying admissions and on those
auxilliary hypotheses which guide the modelling process.

It can thus be understood, that models (due to . their 1n—

-adequacy .or mere "condltional adequacy), in contra-

distinction to theories, do not afford an explanation of
the modelled obJect directly and in the form of homologous
dicta. They do, however, create a basis and afford means
for the explanation of theoretical principles apposed to a
given object.,

- In addition to - -this, one cannot but notice that the

" heuristic, conditional character of models in itself does

not exclude their explanatory functions. The role of models
is in no case reducible to the mere ‘description or demon=-

- stration of phenomena under investigation. They do, in

fact, contain explanati~ns which however, differ from those
afforded by the scientific theory covering a given object.
This difference lies in the fact that the explanations of
the former variety (in relation to the modelled object, but
not, of course, in-relation to the model itself as an ex-
planatory object) play the role of conditional explanations,
or quasi~-explanations which nevertheless have an enormous
heuristic and cognitive value for the subsequent formulation
of homologous, adequate dicta within the framework of the
scientific theory covering the object under investigation.
What are the reasons for the fact that models, biclogical
models 'in particular, are merely conditionally adequate to
their original and afford only a quasi=-explanation thereof?
We shall attempt to explain this in cur discussion of the’
problem of limits in modelling and its connection with the
theoretical interpretation of the investigative object..

What we have in mind are, of course, ideal (logical, et al.)
models, :~For this reason, let us empha51ze, a characteri-
zation of model explanations as quasi-~explanations carninot

‘be Tooked upon as general for all model classes. It does

not apply, in particular, to explanations obtained in the
study of " the functional principles of those physical models
which are simply quantitatively.altered '"copies" of modelled
objects. In other words, for example, it is possible to
eonstruct in technology physical models whose adequacy to the
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original will not be of a conditional nature provided that
the differences between the-tWO»are;related:to;their non-
qualitative aspect (the incorporatiof in the model:of ,
essential properties of the original), ang rather. to their
purely quantitative side (lack of geometric correspondence,
differing scale, etc.). . Quite obviously, this possibility
is almost totally lacking in the cage of biologiecal medels,
~since in the more typical instances, the differences are of
a.qualitative order. This is indeed understandable; . -after
all, in the contrary ecase, the modelling of biological ob-
‘Jects would lose all meaning, since it would not intrcduce the
necessary simplification into the situations studied,

Modelling and Artificial Duplication

~_ In a general characterizatiorn of the concept of
modelling, it is of paramount importance not only to dis-
tinguish between model and theory, but also to examine model-
ling (in particular, physical modelling) in its relation to
the problem of artificial duplication. . This is no wise an
. idle question in modern bilologys; 1t is rather of the highest
practical importance and timeliness.

It has already bzen noted above that physical modelling
has to do with a specific class of isomorphic substitutes,
which, taken in another (for example, purely practical and

tilitarian) context, would be excluded from the category of
models, It is important to note here that the physical
model is tied in in its specific functioning precisely with
the context in which it is viewed, and not with the quality
of its "substratal" properties, which means that the model
can be both artifieial and natural, This implies that the
role of a model for a given blological system can be played
by another natural and not especlzlly constructed system

(a lower organism with relation to a higher one, etc.).

A natural system not looked upon during the course of
-the investigation as an lsomorphic substitute for another
system will, of course, not be called = model, How does
one then explain the fact that artificial physical sub-
stitutes are included by many scientists in the class of
models without referring as to whether they serve research
purposes or not? The answer to this question, as it turns
out, is closely connected not only with the understanding of
the modelling concept, but also with the interpretation of
artifiecial duplication. The fact of the matter is, that

many scientists do not regard it as possible to ineclude in
,“vyouucept O wiicwcr s .n'gi,-nw < n ~.§4 .«E- pﬁ“lo large

P le o
Class of specialized structures (in particulgémgygerngtlc
devices) which imitate certain aspects of the functional
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activities of live organisms; '~ In following this procedure,
it is asserted that artifical duplication is essentially a
mere blothemical synthesis of live systems, directly and
exclusively tied in with the diuplication of a specific
substrate in the living object, ~It is well known, however,
that if one looks upon the functional aspect of sith-
stratally distinct  systems; one can easlilly detect a partial
correspondence, which, though differing in degrees of ex-.
pression, is a true correspondence nevertheless: numerous
funetions are duplicated in nature on differing substratal
bases. In this sense, it is possible to assert that nature
abhors fetishes. They are created by man himself, and it
is he who renders them absurd and constantly destroys them
as he proceeds along the path of historical progress. Thus,
the amusing question posed by a man who had just heard an
explanation of the workings of a tractor: "But where have
you hidden the horse?" ~-- belongs precisely to this category
of "substratal fetishism", One nevertheless frequently
hears something similar during discussions of problems con-
nected with the cybernetie duplication of certain functions
~of the live organism. o L

It is imperative, therefore, to take as the basis .
the fact that artificial duplication is not connected éx-
clusively with the biochemical synthesis of living objects
which wouldduplicate both the specific substrate peculiar -
to the given organism and the organism's functions, but .
rather that it is possible to reproduce partially certain
functions on a substrate base not specific to the live ,
organism, It is precisely to this eategory of artificial
duplication ("functional duplication") that the cybernetic
structures belong in particular, in so far as they are re-
garded apart from their relationship to research ainms.

There exists a deep inter-relationship between
modelling and artificial duplication which is of great
interest for the study of biclogical research dialectics,

It is known that, for example, technological progress con-.
stitutes to a certain extent, a number of successes achieved
by man in duplicatimg the functions of the live organism.
Cybernetics arose as a science one of whose main purposes
was the study of.the means and techniques of technological
duplication of the functions of the live ‘organism, In .
other words, cybernetics was from the very first confronted
with the task of "teaching" automatic devices to operate on
the basis of these most economical and effective principles
of all those which exist in nature. Modelling thus became
a point of departure and a means of bringing this goal to
fruition., :
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The artificial duplication in téchnology cf the more .
complex functional principles opefative in living.systems
is a fundamentzlly new treénd.in technological- development,
Science has essentially Jjust VYegun to scrateh the surface of
this promising field,. Modern science is Jjust. beginning the
study of the modelling and duplication techniques to be used,
for example, in 'simulating the self-regulation and adjustment
to optimum work conditions so characteristic of even the
simplest living beings, The future of this field holds
limitless possibilities and portends truly fantastic results.
This applies, in particular, to the artificial (technological)
duplication on an inorganic substratal basis of the process
involved in the direct transformation of chemical into mechani-
cal energy which proceeds with such a high efficiency in the °

working muscles of animals.,  Preliminary modelling can also
be used to realize a task as grandiose as the one of
artificially duplicating the photosynthetic process under ex--
perimental and industrial conditions; this would provide man-
kind with a means of making optimum use of solar energy, '
placing at his disposal practically unlimited resources of -
organic substances derived directly from inorganic material.

- Perfectly obvious likewise, is the connection between
modelling and the arti izial duplication of the simplest - -
living systems. It goues without saying that the successful ©
sclution of this problem is impossible without the preliminary
creation of a whole number of models which would make possible

the experimental study of specific aspects of the life- .
functions of organisms.  There is no need to spesk of the .- .°°
importance of the results of this complex and difficult work,"
not only in the practical and  theoretical plane, but in the-
more inclusive one of philosophy. - = * , e
The modelling of biological processes creates a fun-
damentally new approach to the solution.of questions connec-
ted with the artificial duplication not only of the functional
aspect of live systems, but the principles of their . structural
organization as well. It is known, for example, .that modern
computers which within definite but constantly widening
limits are able to imitate. the functicnhal mechanism of the
brain, constitute enormous-component assemblies whose in~ = -
dividual units are nevertheless incomparably less efficient
than neural ¢ells. The utilization of semiconductors to a
certain extent facilitates the ‘solution to the. problem of
creating more perfect and "versatile" cybernetic devices
without the usual concomitant dimensional inereases, . This,
however, does not yet -constitute the solution to. the problem
as a whole. It is possible only dn the basis of great
future discoveries in the field of the live modelling of -
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living system structures, which will lead to the creaticn of

devices approximating in compactness those "invented" millions

of years ago by living nature. S T g
The interconnection of modélling and artificial dupli-

cation is manifested not only in the fact that the latter
depends upon modelling as its theoretical and experimental
foundation and the determining factor which makes ita
possibility, This interconnection is likewise apparent in
that the results of artificial modelling made possible with
the aid of modelling can themselves play the role of models
or of bases for a whole number of new models. Convincing
evidence in favor of this supposition may be found, for
example, in cybernetics, which is in turn exerting an enor-
mous amount of influence on biology. _ : . S
. It is necessary at this point to note yet another
extremely important consideration bearing a direct relation~
'ship to the epistemological problems of modelling under dis~
cussion. The issue at hand is that artificial duplication
of biological processes on the basis of modelling not only -
transforms the notoricus "thing in itself" into a "thing for
us', thereby practically refuting the agnosticism still
being preached by certain bourgeois philosophers and some of
the modern biologists trotting along at their heels as re~--
gards the possibility of knowing the "secrets" of living
nature, - The duplication of biological processes under in-
dustrial conditions constitutes simultaneously (on the
‘epistemological level) a reliable criterion for Judging the
certitude of scientific knowledge as to the laws governing
the functions of live organisms which are theoretically and
physically ineorporated into the biological model.

Some Peculiarities of Biological Objects as Systems

Biological modelling is immediately confronted with
the problem of representing living objects in the form of
such logically Jjustified propositions as would permit one
to look upon the peculiarities exhibited by organisms as
specific "individual cases" of more inclusive classes of
phenomena. Generalizing concepts of this variety are con-
tained, for example, in the theory of systems which has
received extensive development within recent years. Models
based on the representation and logical-mathematical in-
vestigation of organisms as systems of a definite type have
become extremely widespread in modern science and have
‘proven their heuristic value for biological investigation
‘in general. SR ' .

- This, if one might call it such, systemic modelling
‘quite naturally can not be looked upon as a means to be
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counterposed in absolute form to all other bioclogical
modelling technigues, It is, moreover, difficult even to
‘'speak of any special method of modelling, The granting
- of a special status to this particular method, however, may
be found useful to a certain degree, in sSo far as in this
- case there is a more specific.emphasis on the "point of
view" from which modelling is considered, = ' o o
~In contradistinction to chaotic aggregates, organized
systems (which obviously. include organisms) are characterized
by a regularity of interaction among their constituent com=-
ponents; this regularity is, of course, perceptible in
varying degress, These varying degrees of protess regularity
depend on the organizational level of the system and can be
denoted by the concept of information quantity. A4As is known,
‘the classical concept of entropy is also connected with this
notion, "Just as the quantity of information contained in
a system is a measure of its organization", writes N, Wiener,
"so the entropy of a system is. a measure of its disorganiza-
~tion; one 'is equivalent to the other, gualified by a minus
- sign" (Norbert Wiener, Cyhernetics or_Regulation and
Communications in the Living Organism and the Machine, Moscow,
- 1958, page 23). I o _ ' X Lo
;. .Living organisms, quite apart from their position on
the "hierarchical step=ladder', belorg to the so-called
"open" category of organized . systems (or simply systems).
What is the distinguishing characteristic of such systems?
Systems designated as open. are contrasted with other systems,
looked upon in physics and chemistry as closed. and isolated.
. The latter are grouped under the general designation of
closed systems and are' characterized by their lack of
-participation in exchanges with the external medium either
of matter only (closed systems), or both matter and energy
(isolated systems). Each such system, according to the
second law of thermodynamies in the final analysis reaches
a time-independent state of equilibrium with maximum
entropy and minimal free energy. In the equilibrium state,
-such systems are incapable of doing work. = :

The .ability to do work is connected with the emer-
gence of the system from the equilibrium state; in order,
furthermore, for the work to be done over an extended
period, the system must be . in a state of mobile (dynamie)
equilibrium, receiving a constant flow of free ENnergy..

4 necessary condition for the maintenance of the unstable
equilibrium state is the strict balance in time of the rate
~of irreversible chemical processes and of matter diffusion.
4 definite stationary state for the system i1s necessarily
reached provided that the above-mentioned rates are main-
tained constant, Such processes are characteristic of open
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systems. They can be observed, for: example, in chemical
technology (the continuous fermentation process in the - -
manufacture of acetic acid, ete.).. These. processes are
likewise peculiar to living organisms, constituting a typical
example of open systems. : , -
~ . An open system is, consequently, characterized by its
constant exchange of matter and energy with the surrounding
medium, as well as by its ability under definite conditions
to enter into a time~independent state of mobile equilibrium,
wherein the properties of this system remain constant despite
the continuance of the processes of interaction with the
external environment. The entropy of an open system in the
state of mobile equilibrium ramains constant but differs
from the maximum, This state of affairs is attained through
the compensation of potential increases in the entropy by
thé extraction of '"negative entropy" from the surrounding -
medium, - - o o - o : TR S
© "It 1s hence apparent, that the organism as an-open
system retains its characteristic morpho~physiological unity
(and generally functions as a living organism) Jjust so long
as it remains in the state of mobile equilibrium, that is,
as long as it maintains a time-balanced mutually~-compensated
process of constant change in its constituent components,
a process of assimilation and dissimilation from and into
the surrounding mediumn. With certain simplifications, this
state of mobile equilibrium can be simulated in models based
on simpler objects. For example, an ordinary stream of
water flowing from a faucet can serve as a model for the
study of certain isomorphic properties of this state. - And
indeed, the form of the stream remains constant as it were,
as long as the flow from the faucet is uniform., It is
perfectly obvious, however, that the form of the stream which
is in a state of equilibrium is not determined by the con- .
stancy of its constituent components--the water molecules,
but on the contrary, by their uniform entry intoc and exit
from the given system. ‘ : 3
. It is, of course, necessary to bear in mind that
living organisms differ fundamentally from all others (for
example, from the usual open chemical systems) by virtue of:
their special type of organization and constituent component
interaction. The foregoing can be set down as a generalized,
but insufficiently definite notion of an organically unified
system. o R L o . .
An organically unified system is one comprised not
only of temporally and spatially coordinated, but also
functionally inter-related components, each of which is
characterized by its own specificity and is, at the same time,
strictly subordinated to the whole. A special type of - -
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component interactlon in an organically unified system
assures the self-maintenance (autoregulation) of its _
internal medium; moreover, this homeostatie: regulation;
carried on under the conditions of ednstant.intéraction with -
the external medium, reaches its highest limit of perfection
in connection with:the emergence and deVelopmen+ of the
nervous system. .

The pecullarlties of organlsms as systems cannot be-
reduced only to those which can be isolated with réference -
only to individual specimens. As is known. the systematlsm
of the latter emerges simultaneously in the role of a com—
plex component (or subsystem). of a new type of- organlcallv
unified system peculiar to the species and populations in
which it is found. Although the species and the popula~
tions which cdmprise it is a divisible whole. funectional
interactions among its components are likewise subject to
the realization of the same process of self-preservatlon and
propagation which operates within individual organisms,

From the standpoint of the thermodynamics of stationary
1rreversible processes, a bilological species, Just as the .
biosphere ‘as a whole, can be 1ooked upon as an open system.

Models of biclogical objects constructed on the basis
of the generzl theory of systéms afford a precise quantita-
tive technique for. the study of specific¢ laws characteristic
of the functioning of: organlcally unified living systems..
Extremely fruitful steps in. this direction have heen made,
for example, by L. Bertalanffy. ‘who attempted to render a.
symbolié representation of changes in a system somewhat re-
moved from the state of equilibrium but, as it were, .
"striving" to reach this state at some future time (see S
L. Bertalanffy, Der Organismus als Physikalisches System .
Betrachtet, in Die Naturwissenschaften, Heft 33, 19§O, o
pages 521~531), The.formulas which describe the behaviour ‘

of a system under non-actual conditions- serve to distill out ..

that pecullarity of the behaviour of live organically uni-
fied systemg which is expressed in the copcept of obrganic .
teleology Lused here in the limited sense/ and in this case
denotes a certain dependence of the actual developmental
stages in such systems (for example, in embryogenes1s) ‘on
the gradual result of this developments or, in other words,
a subordination of the development to the "plen of the
whole", Of course, along the .path of the mathematical
description of this functional peculiarity of organically
unified live systems, it is still necessary to overcome
certain rather serious difficulties, ome of which is the
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danger of "over simplificationt in describing the! phenomena
at hand (a certain amount of simplification is, to be sure,
unavoidable within definite scientific limits). In’
addition to this, there is a need for a sharp renunc¢iation
of all manner of teleological, "finalistic" speculations
which'tend to introduce a note of mysticism into this
scientifically established property of living systems. :
- 'For biological studies, however, it is necessary to
have at hand a mathematical description not only of the-
specific functional peculiarities of organically unified
systems but also of those non-specific mechanisms which make
possible the attainment of the purposeful result ¢cf these
functions. - The description of these mechanisms assumes
special interest in.connection with the problem of systemic
modelling, It turns out in this connection that the inter-
action processes between individual components of an organi-
cally unified system do not fit the concept of a mechanically
interpreted single-valued causal relationship, and that
during the course of this interaction there arises a certain
statistical factor, a definite uncertainty, which can be
explained by the intervention into the regular course of the
process of various types of "malfunctions" of an objectively
incidental character. When dealing with an individual
organism as a specific investigative object, we are justi-
fied in exercising a certain experimental and mental iso-
lation whichpermits us to regard the regularities quali-
tatively and quantitatively determining the reaction of this
organism as a whole, as regularities within a single object,
in other words--as dynamic regularities, In making the
transition to a more detailed analysis, however, which
divides the organism into individual interacting components,
we are immediately confronted with statistical regularities,
wherein the only determining factor is the combined be-
haviour of these components, while the action of each of
them bears a readily apparent character of uncertainty.
It is moreover self-evident, that this fact does not depend
on the precise level of the division of an organically = -
unified system. The division may be undertaken both on
the level of biochemical interaction among individual
cells and on the molecular level. It ecan also be performed
on the population level, where the individual organism
itself will play the role of a single component within a
definite systen, : o I - o
- In what form does modern science make possible the
quantitative study of these peculiarities exhibited by
live systems, and what are the models ecreated by science’
in the course of such investigations? - A particularly.
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great role'is played in this area by the application of
probability atid information theories, The theoretical
foundations of this branch of modern mathematics, in - . |
particular, such fundamental concepts as :probability, in-
formation, and ‘entropy are sufficiently well kncwn to 2
obviate the necessity of stating them in the present article
(see, for example, the work of A,M, Yaglom and I.M. Yaglom,
Probability and Information, Moscow, 1960). . R

4 1iving organically unified system funections in
constant interaction with its medium. This interaction is
realized in the form of adjustment, and is regulated by the
natural selection of useful changes in the living systemn..
These changes themselves tend to be uncertain and constitute
~ a statistical combination of random events, where -the final
result--adjustment-~-can be attained only with a definite
degree of probability. The latter applies with equal force
to the behaviour of populations. It is precisely for this
‘reason that information theory and all of the attempts to
~ construct on its basis various types of models, even in such
fields of biology as genetics and evolution theory, are
presently attracting the attention of biologists.

An organically unified living system can be modelled
in such a way as would render its substratal nature irrele-
vant in the specific context. The main emphasis will be
pPlaced on the quantitative and qualitative desecription of
its functional prineiples, in particular on the laws. of in-
formetion transfer and transformation, regardless of the
nature of the communications channels. The task of the
biologists seeking to employ the methods of communications
theory to the analysis of biological problems will consist
in finding analogues to the communications system in.morpho-
physiological descriptions of organically unified living -
systems. . Such an analogy is established, for example,- in
the course of studies on the reflexive nature of higher ..
nervous activity in animals and men. With certain definite
- qualifications, however, this analogy retains its applica-
bility in the examinations of the functional principles of
any living system. . In such cases,  the medium turns out to
be both the source of information and the destination point
of the '"messages", All of the other functions of the
communications systenm (information reception, processing,
and transfer) are carried on directly by. organisms which -
have' survived due to the fact that they have . been able to -
follow along and adjust to éenvironmental changes in accor-
dance with the quantity and quality of information obtained
from this environment. The phenomenon of adaptive altera-
tion in this context assumes thée role of a homeostatic
regulatory condition, while natural selection becomes =z
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spe01al type of regulatory meohanism which automctic lly
emits a reverse flow of infordation as to the benign tharacter
of a given alteration in the living system. =~

'Viewir@ the influences exercised by the external

environment as peculiar sources of information, as well as

factors altering the ‘effect of varicus types of ebiotic and
biotic "malfunctions", the biologist can on the basis of .
probability theory, formulate predictions regarding the
possible state of a given organic unified living system at

a definite moment in time which is of -interest to him. This
permits him to make more precise studies of complex processes
at various levels than would be possible with the aid of

the standard qualitative biologilcal techniques. It is im- -
portant to note that in all of these instances, the matter

‘at issue has to do with the application of strict mathemati- -

cal methods enabling one to study and compare random phenomena
characterized by varying degrees of uncertainty.

From this standpoint, there is extreme value for bio-
logical research not only in physical models, but also in a
whole series of model concepts arising out of cybernetiecs.

The latter, incidentally, was responsible for drawing the
attention of researchers to the principle of reverse commu-
nication and its role in the functioning of organically
unified systems.

In order not to fragment our exposition, we shall not -
pause to consider the various forms of reverse communication
exhibited by living systems (in particular, completely neg- -
lecting its highest form), noting only that this principle
has a unilverssl character in biology. In this connection,
any attempts at emphasizing from among the open living systemS‘
a type which could be characterized in definite contra-
distinction. to the principle of reverse communication must, in
our opinion, be apposed with serious qualifications. . This
applies, in particular, to a type of open system 51ngled out..
by L. Bertalanffy, one of the founders of the theory of
systems, which is based only on the dynamic interaction of
its constituent parts (the so-called "equivalent system"). ‘
In this case, reverse communication is regarded by him merely '
as a certain fixed mechanism having a secondary regulatory
character and constituting an outgrowth of the primery
dynamic interaction processes formed during the subsequent
development of the organism. .

Among such interactions may be. grouped the Various
correlations arising, for example, during the course of
embryonic development. . Even here, however, thereg takes
place an indirect reverse communication flow, in $o far as
these correlations themselves represent a form or adaptation
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developed historically as.a:result of 1nteractlon w1th the
environment. In addition to this, the results of various

- correlations in embryonlc development are subjected to a
"eritical evaluation'" in the subsequent stages of individual
development-under the regulation of the natural selective
process. The sharp contraposition of dynamic interactions
within the organically unified system at the émbryonic stage
of development on the one hand, and the principle of reverse
communication on the other, is possible only when, the or-
ganism is viewed from the autogenetic standpoint, ‘without
regard for their dialectical unity with the environment in
the course of individual and historical develOpment

The L1m1ts of the Cognitive Possibilities of Models. ‘Mbdel-
S ling and Interpre t@tlon

Modelllng (particularly systemic modelllng) represents
one of the most effective, but, of course, far from universal
techniques used in the scientific study of biclogiecal
phenomena.,. It is in general possible, moreover, to regard
modelling in blology merely as an guxilliary research method,
Such a statement is occasioned by the nature of modelling.

: The advantage of modelling consists in the faect that
it is possible within its limits to single -out" (abstract)
cnly those problems of a system under investigation whlch
play a significant role in the given concrete context, In
other words8 modelling permits the s1ngling out of definite
properties which may then be studied in their "pure formY;
this considerably simplifies the problems of scientific
research, in so far as it enables scientists to subdivide
complex phenomena that. are frequently not amenable to direct
analysis.

The cognitlve functlons of modelllng correspond in
this respect to those of abstract reasoning; in contrast to

“the latter, however, modelling may be accompanied by the
construction of "physical substitutes for abstractions'that
are amenable to direct experlmental study. It should be
emphasized the modelling always in a certain sense overlaps
experiment, qulte independently of whether we are dealing .
with experiment in the usual sense or a so-galled. "Gedanken!
experiment. = In either of these cases, the researcher makes
use of modelling to anable him to study phenomena under con-
trolled conditions, using precise quantitative 1nd1ces for
their description. ’

The advantage of- modelllng—-the singling out of the -
properties of biological phenomena under investigation in
the "pure form" can, however, become a shortcoming if it is
looked upon as a universal research technique. As is known,
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. the difficulties encouhtered in‘the sclution of blologlcel
problems stem from the neeessity of taking into" account the
sum effect of numerous everits on-a givensystem, Actual
living systems function not- only in connection with external
abiotic conditions, but -also receive information from other
living systems in the multi-faceted "commerce' taking place
in nature. In addition“to this; they themselves contain
and convey in reproduction a flow of information obtained
-not only in the course of individual development but also
received from antecedents, that is, information as to the -
historical development of the species of which a given live
system (individual organism) constltutes an integral part.
The- modelllng of this aspect, although becoming éver more
extensive, is still contained within fairly narrow 11mits

.. with relation to the original, or, in the words of

A. Rosenblueth and N, Wiener, to the "range of the model"

. This is the case despite the fact that insufficient attention,
for example, to the history of the modelled living system
exerts a considerable influénce on the biological research
results. If in other fields of science, particularly in
.physics and chemistry, such a simplification of examined
situations in general does not exclude the possibility of -

. obtaining precise results, the analegous situation as regards
“biology is quite a different one: a blOlOgiSu will obtain
only limited results if he neglects the data relatlng to the
history of the system he is studying.

This alone already testlflestofhefem:that modelling
must play its role in the study of living systems as an
integral link in conjunction with other theoretical methods,
‘including the historical technique employed by blology.a
Without such a connection with qualltative biological re-

- -search methods, as well as (1n a wider sense) with the theory
of -the modelled object, that is, with it's scientific inter-
pretation, models' can become empty and abstract constructions
far removed from:serving the real needs of scientific in-
quiry..:uIt is important to remind the reader’of'this here,
since perhaps one of the reasons which can explain in some
‘measure the extremely, to put it mildly, reserved attitude
“exhibited by certain scientists as regards’ the cognltive
poss1b111ty of modelling (partlcularly cybernetic mpdelling)
in biology, lies pretisely in the exaggeration of these -

- possibilities, as well as in the insufficient emphasls L
placed on the merelydsupplementary role of modelling and the
necessity for using it in conjunction with quantitative bio-
-logical 1nterpretatlon in dealing with the obaect under
“istudy. )
. Modelling in blology always has to do- with the repre-
sentation of a given complex system through a simpler and
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more easily studied system, This mésdhs that the informa-
tion obtained as a result of studying certain properties of
a simple system is tacitly assumed to be valid as’ regards

the properties of the complex system as well, = However, the
compared -systems (for example, in the case of physico~
chemical, cybernetic, etc. biological modelling) -differ -
from one another not only with respect to .purely quantitative
tharacteristics: each one belongs to a'qualitatively‘dis?
tinet level of material organization. As ‘a result of this,
any explanation which makes use of a model is of a strictly
conditional character (it may be termed a quasi-~explanation) s
this type of explanation is expressed in the "transference"
of knowledge about one (simpler) system on to another (more
complex) system. It is perfectly evident that such a
"transference" cannot take place mechanically. After all,
it is connected with the transition of the investigative
level con to a qualitatively distinct organizational level,
And here, the issue is not merely one of structural dif-
ferences, The properties which are modelled on an in-.
organic substratal base do not represent simple "additive
components" of live systems, They are organically "ineluded"
in the total functional mechanism of living systems, and
their scientific explanation consequently entails the simul-
taneous rendition of 2 theoretical description covering the
specific nature of the "inelusion" of these preperties in
the type of integral entity represented by the live system
under investigation. , :

In order for an "inter-level" model explanatiocn to
have a real cognitive value, it must in all cases be sub-
Jected to "correction" by means of the theory which takes
into account that. infamous "remainder", which for the
mechanists who look upon life as g simple "sum" of physico-
chemical processes, turns out to be "fundamentally im-
berceptible'", and for the vitalists, those "mechanists
- turned inside out", serves to this day as a "basis" for the
formulation of "supra-mechanical" (and in the final analysis,
of course, purely idealistic) theories of life, This -
"remainder" is nothing other than the specific properties”
of living systems. Their consideration in the process of
"correcting"” model explanations in passing on to the con-
struction of a theory to cover the investigative chject _
-implies the qualitative biological interpretaticn of the re-
sults of "conveying" modelling concepts on to a hew and
higher level, Modelling, connected as it is with the
extensive penetration into biclogy of the ideas and methods
of physiecs, chemistry, and mathematics, is thereby. not only
not counterposed to specifically biological research tech-
niques, but is also looked upon as standing in ‘something of
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a subordinate relatioh to these techniques, The problem
consists not in makirlg an alternate choice between the two
methods and then universalizing that choice, but rather in
studying concrete mechanisms which make possible the organic
union of physico-chemical, mathematical, and other means of
live systems modelling with qualitatively biological tech-
niques for their study and theoretical interpretation.

* ¥ %

Biological systems modelling brings to the fore an
entire series of complex methodological problems. Attempts
to answer some of these have given rise to new questions of
no less importance and interest. In particular, the exami-
nation of the epistemological problems involved in systemic
biological modelling necessarily leads to the posing of the
question as to the precise classification of unified organiec
system types, the "hierarchical unity levels in the sphere
or organic life, and the possibilities for the mathematical
description of the dependence of systemic entropy on the order
of unity of a given system. '

Of exceptionally great importance is the study of
concrete logical problems connected with the utilization of
dlalectical methods of reasoning in the analysis of organical-~
ly unified systems, such as were, for example, employed in
Marx' Das Kapital (the co-ordination and subordination of
the elements in a systemic pole, the methods of studying the
systemic object in its "pure form", the progression from the
abstract to the concrete, and the applicationdaf specific
forms of analysis, synthesis, induction, and deduction in
the investigation of complex systemic interconnection).
There is also a need for the thorough study of problems in-
volved in the structural formalization of the modelled sys-
tem, the possibilities and concrete techniques of applying
symbolic logic to the study of organically unified systems
as they function with a certain degree of uncertainty, etec.

Such a multitude of unsolved or insufficiently elabo-
rated methodological problems of systemic modelling (with
reference to biology) is not unexpected. It merely testifies
to the fact that in the field of systemic modelling methodo-
logy in general, there are at the present time more problems
than solutions; the available solutions, moreover, contain
a higher degree of conditionality and uncertainty than
categorical certitude, This conclusion is perhaps not
much of a consolationy at any rate, however, it takes into
account the necessity for intensifying efforts in the study
of these promising problems from the standpoint of
dialectico-materialistic epistemology.
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